Salkowski [11] , one century ago, introduced a family of curves with constant curvature but non-constant torsion (Salkowski curves) and a family of curves with constant torsion but non-constant curvature (anti-Salkowski curves) in Euclidean 3-space E 3 . In this paper, we adapt definition of such curves to time-like curves in Minkowski 3-space E 3 1 . Thereafter, we introduce an explicit parametrization of a time-like Salkowski curves and a time-like Anti-Salkowski curves in Minkowski space E 3 1 . Also, we characterize them as space curve with constant curvature or constant torsion and whose normal vector makes a constant angle with a fixed line.
Introduction
The Minkowski 3-space E Given a regular (smooth) curve α : I ⊂ R → E 3 1 , we say that α is space-like (resp. time-like, light-like) if all of its velocity vectors α ′ (t) are space-like (resp. time-like, light-like). If α is space-like or time-like we say that α is a non-null curve. In such case, there exists a change of the parameter t, namely, s = s(t), such that α ′ (s) = 1. We say then that α is parameterized by the arc-length parameter. If the curve α is light-like, the acceleration vector α ′′ (t) must be space-like for all t. Then we change the parameter t by s = s(t) in such way that α ′′ (s) = 1 and we say that α is parameterized by the pseudo arc-length parameter. In any of the above cases, we say that α is a unit speed curve [1, 9] .
Given a unit speed curve α in Minkowski space E 3 1 it is possible to define a Frenet frame {T(s), N(s), B(s)} associated for each point s [7, 12] . Here T, N and B are the tangent, normal and binormal vector field, respectively. The geometry of the curve α can be describe by the differentiation of the Frenet frame, which leads to the corresponding Frenet equations. Although different expressions of the Frenet equations appear depending of the causal character of the Frenet trihedron (see the next sections below), we have the concepts of curvature κ and torsion τ of the curve. With this preparatory introduction, we give the following:
Recall that in Euclidean space E 3 a general helix is a curve where the tangent lines make a constant angle with a fixed direction. Helices are characterized by the fact that the ratio τ /κ is constant along the curve [2] . A slant helix is a curve where the normal lines make a constant angle with a fixed direction [6] . Slant helices are characterized by the fact that the function κ
τ κ is constant [8] . Salkowski (resp. anti-Salkowski) curves in Euclidean space E 3 are the first known family of curves with constant curvature (resp. torsion) but non-constant torsion (resp. curvature) with an explicit parametrization [10, 11] .
In Minkowski space E 3 1 , one defines a general helix, slant helix curves in Minkowski space as a similar way. Ferrandez et. al. [3] proved that: helices in Minkowski space In this paper, we define Salkowski curves and anti-Salkowski curves in Minkowski space E 3 1 as a similar way in Euclidean space E 3 .o, we introduce the explicit parametrization of a time-like Salkowski curves and time-like anti-Salkowski curves in Minkowski space E 3 1 and we study some characterizations of such curves.
Time-like Salkowski curves and some characterizations
We suppose that α is a time-like curve. Then T ′ (s) = 0 is a space-like vector independent with T(s). We define the curvature of α at s as κ(s) = |T ′ (s)|. The normal vector N(s) and the binormal B(s) are defined as
where the vector B(s) is unitary and space-like. For each s, {T, N, B} is an orthonormal base of E 3 1 which is called the Frenet trihedron of α. We define the torsion of α at s as:
Then the Frenet formula read
where
We introduce the explicit parametrization of a time-like Salkowski curves in Minkowski space E define the space curve
We will name this curve is a time-like Salkowski curve in Minkowski space E 
The curvature κ(t) = 1 and the torsion τ (t) = coth[nt].
(4): The Frenet's frame is .
Proof: (⇒) Let d be the unitary space-like fixed direction which makes a constant hyperbolic angle φ with the normal vector N. Therefore
Differentiating Eq. (4) and using Frenet's formula, we get
Therefore,
If we put B, d = b, we can write
From the unitary of the vector d we get b = ± sinh[φ] √ τ 2 − 1 . Therefore, the vector d can be written as
If we Differentiate Eq. (5) again, we obtain
The Eqs. (9) and (8) lead to the differential equation
By integration we get
where c is an integration constant. The integration constant can be subsumed thanks to a parameter change s → s − c. Finally, to solve (11) with τ as unknown we get the desired result.
and let us consider the vector
It is easy to prove the vector d is constant i.e., (ḋ = 0) and
Once the intrinsic or natural equations of a curve have been determined, the next step is to integrate Frenet's formula with κ = 1 and
. For the negative case in Eq. (13), let us recall that if a curve α has torsion τ α , then the curve β(t) = −α(t) has as torsion τ β (t) = −τ α (t), whereas curvature is preserved.
Therefore, the fundamental theorem of curves in Minkowski space states in our situation that, up to a rigid movements or up to the antipodal map, p → −p, the curves we are looking for are time-like Minkowski curves.
3 Time-like anti-Salkowski curves
As an additional material we will show in this section how to build, from a curve in Minkowski space E 
Then at a parameter s α ∈ I such that τ α (s α ) = 0, the curve β is 2-regular at s β and
Proof: In order to obtain the tangent vector of β let us compute
From the above equation, we get
and
Differentiation the above equation along with Frenet's Eqs.
(1) we obtaiṅ
Using Frenet's Eqs. (1) and Eq. (15), the above equation can be written as
So that, we have
Differentiating the above equation with respect to s β we get τ β = 1.
Let us apply the previous result to the time-like Salkowski curve γ m defined in Eq.
(2) we have the explicit parametrization of a time-like anti-Salkowski curve as the following: 
Proof: The proof of this Lemma is the same as the proof of Lemma 3.1. 
